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(54) RUBBER COMPOSITION 



(57) A diene-based rubber composition which has 
excellent processability and an improved balance be- 
tw en low rolling resistance and wet skid resistance and 
is improved in strength properties, etc. The composition 
comprises: 1 00 parts by weight of (A) a raw rubber com- 
prising a diene-based rubbery polymer which is (A-1) a 
rubbery conjugated-diene polymer or rubbery conjugat- 
ed -di en e/styrene copolymer and in which (1 ) more than 
60 wt.% thereof has been modified by reacting active 



ends of the rubbery polymer with a polyfunctional com- 
pound having two or more epoxy groups per molecule, 
(2) the molecular weight distribution Mw/Mn of the pol- 
ymer is 1 .05 to 3.0, and (3) the weight-average molec- 
ular weight of the polymer is 1 00,000 to 2,000,000; 1 to 
100 parts by weight of (B) an extender oil for rubbers; 
25 to 100 parts by weight of (C) reinforcing silica; and 
1 .0 to 20 parts by weight of (D) a combination of a vul- 
canizing agent and a vulcanization accelerator. 



CO I ^ 



Printed by Jouve, 75001 PARIS (FR) 



20 



EP 1 153 972 A1 

Description 
TECHNICAL FILED 



10 



15 



BACKGROUND ART 

~r ar :z° sition of a rein,orcin9 - -«* - -* or -E^^x:^ 

solved. For examp.e, since J£SZ£?Z% ^rJ^^JS^^ T° * 
black, its dispersibility in the rubber is not alwav* ZZ ^l C0 ™Pa™<* with the conventionally employed carbon 
resistance and InmZmZ^^^ therl " nl^ 7 d ' Spersibilit y tends to ca "^ insufficient wear 
under particular temperature!!^ 
tetrasulfide and in aLonZeas^^^^ 

9-225324 with a view to improving the JspersL.ity of -i^i^^S^^ ^S^ J ^ 
agent. The polymer modified by an alkoxysilyl group is available bv react^™ S he amount of the s.lane coupling 
obtained by anionic polymerization with I JLJiZZu availaDle °y reacting an active end polymer which has been 
with the problems th?^^MCi?S^iSS^ , "Tf SUCh 8 to h ° WeVer a -°-P-ied 

causing a change in the J^X&t^^S^ ft t0 by W- » r COntent ' thereb y 

«y of silica, the 

^I^.S^ P°^er is proposed in JP-B-9-t 18785 and JP -B- 

or peracid upon obtaining a ZS ^2J?2ai£n Thasnof 2? hydr ° 9en Per0Xide 

tOOO* ,n dP.B- 7 -330 959 , proposed tire tread S^XS ST-MSSS which has been 
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obtained by coupling with a diglycidylamino-containing polyfunctional compound, with a view to improving processa- 
bility in production steps, reducing rolling resistance and improving wet skid resistance. In this case, incorporation of 
carbon black in at least a predetermined amount is required in order to impart the composition with performances such 
as processability and wear resistance and to suppress radio frequency noise. It is further disclosed that the molecular 
weight distribution of the polymer falls within a specific range, the styrene content and 1 ,2-bond content, each within 
a specific range are preferred, and at least one unreacted glycidyl group is preferably contained in the molecule. 
[0008] An object of the present invention is to provide, in consideration of such situations, a silica-containing diene 
rubber composition which has excellent processability even if a content of carbon black is small and is improved in 
both the balance between low rolling resistance and wet skid resistance and strength properties. 

DISCLOSURE OF THE INVENTION 

[0009] With a view to attaining the above-described object, the present inventors have carried out an extensive 
investigation on the molecular structure and modified structure of a diene polymer and a manufacturing process of it. 
As a result, it has been found that a rubbery polymer containing a predetermined amount of a specrf.c modified com- 
ponent has excellent performances, leading to the completion of the invention. 

[001 0] Described specifically, the object of the present invention is attained by provision of the following diene rubber 
polymer compositions and diene rubber polymer vulcanizates: 



1 . A diene polymer rubber composition comprising: 

(A) 1 00 parts by weight of a rawmaterial rubber comprising (A-1 ) a diene rubbery polymer which is a conjugated 
diene rubbery polymer or a conjugated diene-styrene rubbery copolymer, said diene rubbery polymer 

(1) containing a modified component in an amount exceeding 60 wt.%, which modified component is 
obtained by reacting an active end of the rubbery polymer with a polyfunctional compound having, in its 
molecule thereof, at least two epoxy groups, 

(2) having a molecular weight distribution Mw/Mn of 1 .05 to 3.0, and 

(3) having a weight-average molecular weight of 1 00,000 to 2,000,000; and, based on 1 00 parts by weight 
of the component (A), 

(B) 1 to 100 parts by weight of a rubber extension oil; 

(C) 25 to 100 parts by weight of reinforcing silica; and 

(D) 1 .0 to 20 parts by weight in total of a vulcanizing agent and a vulcanizing accelerator. 

2. The diene polymer rubber composition according to item 1 above, wherein the polyfunctional compound further 
has at least one nitrogen-containing group. 

3. The diene polymer rubber composition according to item 1 above, wherein the polyfunctional compound is 
represented by the following formula: 




R 1 — C H CH — 



O 



-p H R' 



R 2 — CH— ; PH R 

CT 



wherein R 1 and R*each independently represents a C v10 hydrocarbon group oraC^o hydrocarbon group having 
at least one group selected from ethers and tertiary amines, and R 4 each independently represents hydrogen, 
a C,. 20 hydrocarbon group or a C^ 20 hydrocarbon group having at least one group selected from ethers and tertiary 
amin s, R 5 represents a C,. 20 hydrocarbon group, a C^o hydrocarbon group having at least one group selected 
from ethers, tertiary amines, epoxy, carbonyl and halogens, and n stands for 1 to 6. 

4. The diene polymer rubber composition according to item 3 above, wherein the polyfunctional compound has; 
in its molecule thereof, at least one diglycidylamino group. 
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5 Thediene polymer rubber composition according to item 1 above, wherein the content of the modified comoonent 
of the component (A-1) has been analyzed by chromatography tnemodif.ed component 

fh Thed Z ne : p0,ymer r ubber composition according to item 1 above, further containing 0 1 to 20 wt % based on 
the we,ght of the component (C), of (E) an organosilane coupling agent 

hv w^hTf PO lTl r , rU 5 b l r COmposition herding to item 1 above, which further contains (F) 0 1 to 100 parts 
8 The'cLl IT" kk ^ am ° Unt ° f the comp « and (F) being from 30 to 1 50 parte by wdgM 

tn° J en f e th polym8r mbber com P° s ^ according to item 1 above, wherein the component (A) comprisino 15 

11 . A diene polymer rubber vulcanizate obtained by: 

T^TwCo^lt "J ° nCe undertn6c -^ions permitting kneading discharging temperature 
or us to 1 80 c, of an initial kneading component comprising: 

(A) 100 parts by weight of a raw material rubber comprising (A-1) a diene rubbery polymer which is a 
conjugated d.ene rubbery polymer or a conjugated diene-styrene rubbery oopo^Z.S^Sb" 

obtein^'r 9 8 7 difi6d C ° mp0nent in an amount needing 60 wt.%, which modified component is 

fa mo.- I f an , aCt ' Ve ° f mbbery P °^ mer With a Pactional compound having in 
its molecule thereof, at least two epoxy groups, 

(2) havaing a molecular weight distribution of Mw/Mn of 1 .05 to 3 0 and 

^2ZXo7ZT) mo,ecular wei9ht of 1 00 ' 000 ,0 2i000 ' 000; and ' based on 1 00 parts b * 

(B) 1 to 100 parts by weight or a rubber extension oil- and 
kne.d,n g ,h. tuning 10 givs . kneMlng discf , a(ging t „ peratur . „, , 20 . c M |>ss [hereby vuio ^ 

1) 135<Td< 180°C when 1% < Mo <4% 

2) (15 x Mo + 75)°C < Td t 1 80°C when 4% < Mo <6% and 

3) 165°C < Td < 180°C when 6% < Mo < 10%. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0011] The present invention will hereinafter b described more specifically. 
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[00.12] For the vulcanized rubber composition of the present invention, a specific rubbery polymer (Component (A- 
1)) is used as a rubbery polymer. The specific rubbery polymer (Component (A-1)) of the invention is a specific con- 
jugated diene rubbery polymer or conjugated diene-styrene rubbery copolymer and it contains, in an amount exc eding 
60 wt.%, a modified component obtained by reacting, in an inert solvent, an active-end-having conjugated diene rubbery 
polymer or conjugated diene-styrene rubbery copolymer available by anionic polymerization with a polyfunctional com- 
pound having, in the molecule thereof, at least two epoxy groups. 

[0013] In the present invention, preferred examples of the conjugated diene of the conjugated diene rubbery polymer 
orj conjugated diene-styrene rubbery copolymer include 1 ,3-butadiene and isoprene. Styrene to be copolymerized is 
preferably a random copolymer. The "random copolymer as used herein does not contain a component having a 
styrene, chain length of 30 or greater, or if any, contains it in a small amount. Described specifically, preferred is a 
random copolymer having such a component in an amount of 1 0 wt.% or less, preferably 5 wt.% or less based on the 
amount of the polymer as analyzed by a known method wherein the polymer is decomposed by the Kolfthoffs method 
and the amount of polystyrene unnecessary for methanol is analyzed; or a random copolymer containing a component 
whose styrene chain length is 8 or greater in an amount of 5 wt.% or less relative to the amount of the polymer as 
analyzed by a known method wherein the polymer is decomposed by the method employed for ozone decomposition 
and the styrene chain distribution is analyzed by GPC. As needed, it may be copolymerized with 10 wt.% or less of 
another copolymerizable monomer. 

[0014] In this manufacturing method of the rubbery polymer, examples of the inert solvent include saturated hydro- 
carbons and aromatic hydrocarbons, more specifically, aliphatic hydrocarbons such as butane, pentane, hexane, pen- 
tane and heptane, alicyclic hydrocarbons such as cyclopentane, cyclohexane, methylcyclopentane and methylcy- 
clohexane and aromatic hydrocarbons such as benzene, toluene and xylene and hydrocarbons as a mixture thereof. 
[0015] As a polymerization initiator, an anionic polymerization initiator is employed. Preferred are organic alkali metal 
compounds and organic alkaline earth metals, of which the organolithium compounds are particularly preferred. Ex- 
amples of the organolithium compounds include those containing any one of organolithium polymerization initiator 
having polymerization initiating capacity and having a low molecular weight, organolithium compounds of a solubilized 
oligomer, those having, in one molecule thereof, one lithium or plural lithiums and those having, in the bonding manner 
of an organic group and lithium, a carbon-lithium bond, a nitrogen-lithium bond or a tin-lithium bond. Specific examples 
include monoorganolithium compounds such as n-butyl lithium, sec-butyl lithium, t-butyl lithium, n-hexyl lithium, benzyl 
lithium, phenyl lithium and stilbene lithium; polyfunctional organolithium compounds such as 1 ,4-dilithiobutane, reaction 
product of sec-butyl lithium and diisopropenylbenzene, 1 ,3,5-trilithiobenzene, reaction product of n-butyl lithium, 
1 ,3-butadiene and divinylbenzene, reaction product of n-butyl lithium and polyacetylene compound, and compounds 
having a nitrogen-lithium bond such as dimethylaminolithium, dihexylaminolithium and hexamethyleneiminolithium, of 
which the n-butyl lithium and se-butyl lithium are particularly preferred. These organolithium compounds may be used , , 
ither singly or in combination. In the polymerization reaction, it is possible to add an aprotic polar compound, for 
example, an ether such as diethyl ether, diethylene glycol dimethyl ether, tetrahydrofuran or2,2-bis(2-oxolanyl)propane, 
or an amine such as triethylamine or tetramethylethylene diamine in order to randomly copolymerize styrene with a 
conjugated diene. 

[0016] The polymerization reaction is conducted under the ordinarily employed conditions, for example, at a polym- 
erization temperature of 20 to 1 50°C and at a final polymer concentration ranging from 5 to 30 wt.%. The polymerization 
temperature is controlled by the feed temperature of a monomer or solvent, concentration of the monomer or cooling 
or heating from the outside of a reactor. 

[0017] The rubbery polymer to be used in the invention must contain, in an amount exceeding 60 wt.%, a modified 
component available by reacting a diene polymer having an active end with a polyfunctional compound having, in the 
molecule thereof, at least 2 epoxy groups. 

[0018] To industrially produce such a rubbery polymer having a high modification ratio, it is necessary to efficiently 
prepare, prior to the modification reaction, a diene polymer having an active end by the well controlled method. An 
industrially available monomer or solvent usually contains various harmful impurities. When they react with the active 
end of the polymer during polymerization, thereby causing a terminating reaction or transferring reaction, the active 
end of the polymer decreases, which makes it difficult to produce the polymer of the present invention containing a 
modified component in an amount exceeding 60 wt.%. Particularly upon polymerization at a temperature as high as 
80°C or greater, influence of impurities such as alkene, acetylene or water cannot be neglected. It is necessary to feed 
a polymerization reactor with a monomer and a solvent each containing less impurities and to control the polymerization 
temperature in order to produce a diene polymer having the structure as specified by the invention. 
[0019] In the invention, the amount of all the impurities in the monomer and solvent to be fed to the polymerization 
reactor must be reduced to less than 0.40 quivalent, preferably 0.30 equivalent or less based on an initiator to be fed 
to the polymerization reactor. Specific examples of the impurities in the conjugated diene monomer include compounds 
reactive with plural moles of an organic alkali metal such as vinyl acetylen , 1 ,2-butadiene or butin-1 , and compounds 
reactive with an equimolar amount of an organic alkali metal such as aldehyde; those of the impurities in the styrene 
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monomer include compounds reactive with an equimolar amount of an organic alkali metal such as phenylacetylene 
andben 2 aldehyde : andthoseoftheimpuritiescommon to various monomer and solvents include compounds^ive 
with 2 moles of an organrc alkali metal such as TBC, a short stop and compounds reactive with an equimolar amoS 

121 T H ta ' rT Waten ' n inVenti0n ' il iS Preferred 10 COnduct calculation with regtds Tthe 

[0020] To lessen the influence of such impurities, use of a raw material containing impurities as less as possible is 

lm ' f Ut PraCtiCa,,y ' " iS thS C ° mm0n praCtiCe 10 USe a raw material containing impurities anTremove 
SSSIiSr? eng.neermg method such as distillation or adsorption. Such a method is however notsufSn% 
the l^nt ?n!l eS a tremend ° us cost t0 obtain suff «** effects. Even a trace amount of impurities adversely affects 
morrh? T '. eCau f e u the m0l6CUlar W6ight is high so that as a method f " Educing the influence of impurSs 
Zn 1 T ■ 7 ° f th6m ' Pri ° r 10 f6eding the P ol V meri ^" reactor with a monomer and a .olvert SSfS 
organic metal compound ,n an amount corresponding to impurities, more, specifically, with a polymerization caZst 

to be ? 9 V l0Werdeactivali0ri of the «*ve end due to the impurities contained in the monomer so ution 

hZI * t Polymenzat,on reactor, thereby conducting modification reaction at an industrially advantageous eff" 
ciency at a temperature exceeding 80'C, preferably 1 20°C or less auvmiageous em 

[0021] As the modifier to be used for obtaining the polymer of the invention containing the modified component a 
Polyfunctiona. compound having, in the molecule thereof, at least two epoxy groups is employed Any poXS 

eZsTa T n h 9 H n T'r U ' e ther60f ' 3t ' eaSt ep ° X y ^ S is -abie'specific exa^npL inc^KSSSS 
ethers of a polyhydnc alcohol such as ethylene glycol diglycidyl ether and glycerin triglycidyl ether polyglyddSe i 

such 171 J TT^ haV,n9 at ^ »" Phen °' 9r0Ups Such as ^Vcidylated bispLo, A, rSSJSSJilS 
such as 1 ,4-d.glycdylbenzene, 1 ,3,5-triglycidylbenzene and polyetpoxylated liquid polybutad iene e£ 2 containina 
ternary am.nes such as 4,4'-diglycidyl-diphenylmethy.amine and 4,4^diglycidyldibenzylmethylamine and S 
dy lam.no compounds such as diglycidyl aniline, diglycidyl orthoto.uidine, tetrag Jidyl oZmJZ^^!^ 

ferred are the polyfunctronal compounds having, in the molecule thereof, at least two epoxy groups and at Test oZ 
n,trogen-conta.nmg group. More preferred are the po.yf unctional compounds of the following 1orml 




R 1 — 



C H — -^P H- 



C H — CH R 4 



J 



n 



hydrocarbon group having an ether or tertiary amL, R* i«^c 1 S jK^^gC^ hTdl^ 
group havrng at least one group se.ected from ethers, tertiary amines, ep^ony, JZSZ^TSSS 

[0022] More preferred are the polyfunction^ compounds having a diglycidylamino arouo The numh*r of t ho *™ 

.» wll « or , „ the pres8nc9 0 f . mono(uncto „ al MlM ;"ZZl ™~*e r 
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other hand, the polyfunctions! compound having an unreacted epoxy group increases, resulting in deterioration in the 

ro e o rf 24r a By e the reaction between the active end of the polymer and epoxy group, a hydroxyl group is introduced into 
the polymer chain. When the epoxy group of the polyfurictional group exceeds 0.6 equivalent but not greater than 1 
equivalent of the active end of the polymer, a large portion of the active end of the polymer reacts with the epoxy group 
of the polyf unctional compound and causes coupling reaction of plural molecules, resulting in the f ormat.on of a modified 
polymer molecule having plural hydroxyl groups. When the epoxy group of the polyfunction*! group exceeds 1 equiv- 
alent of the active end of the polymer formed are both the polymer molecule having plural hydroxyl groups and a 
modified polymer molecule-which contains both a hydroxyl group produced by the reaction of the active end of he 
polymer with the epoxy group and an unreacted epoxy group in the polyfunction^ compound molecule bonded to the 
polymer - By the use of a polyfunction^ compound having, in the molecule thereof, at least two epoxy groups and at 
least one nitrogen-containing group, a nitrogen-containing group together with a hydroxyl group formed by the reaction 

of the active end of the polymer with the epoxy group is introduced. mftH ifieri 

[00251 A specific rubbery polymer to be used in the invention must contain the component, which has been modified 
by the polyfunctions! compound, in an amount exceeding 60 wt.% based on the whole polymer. Preferred «70wt£ 
or greater The greater the content of the modified component, the better the effects of s.lica as a filler. The content of 
the modified component can be measured by chromatography permitting separation of the component Into modified 
one and unmodified one. This chromatography is effected, for example, by using a GPC column which adopts, as a 
filler, a polar substance such as silica for adsorbing thereto the modified component and determining the amount of 
the component by using a non-adsorptive component as an internal standard; or by measuring the GPCs of the polymer 
before and after modification and calculating the amount of the modified portion based on a change in its shape or 

molecular weight. ,,a < w«k.„.^in»h«. 

rO0261 The molecular weight distribution Mw/Mn of the rubbery polymer as the component (A-1 ) to be used in the 
present invention ranges from 1 .05 to 3.0. The molecular weight distribution can be measured using GPC based on 
the molecular weight of standard polystyrene. Molecular weight distribution less than 1 .05 deteriorates processability 
and at the same time, does not permit easy industrial production. At a molecular weight distribution exceeding 3.0, on 
the other hand, the rubber composition available from the resulting rubbery polymer has deteriorated mechanical 

[0027? ^ The polymer having a molecular weight distribution of 2.2 or greater has advantages in excellent processability 
upon kneading, not a large torque upon processing and short kneading time. When the polymer has a molecular weight 
distribution less than 2.2. on the other hand, processability is usually inferior. Particularly when silica .s '^orporated 
the torque upon processing becomes large. In such a case, a large amount of carbon black was conventionally ^used 
• in combination. In the invention, affinity with silica is heightened so that even if the amount of carbon black .s smalh 
the processability is excellent; the rubber composition thus obtained is well balanced between low rolling resistance 

and wet skid resistance; and strength properties are improved. 

[0028] The rubbery polymer to be used in the invention as the component (A-1 ) must have a we.ght-average molec- 
ular weight of 100,000 to 2,000,000.The weight-average molecular weight is measured by GPC based on the molecular 
weight of standard polystyrene. Weight-average molecular weights less than 1 00,000 deteriorate the strength and wear 
resistance of the resulting rubber composition, while those exceeding 2,000,000 lower the processab.lity markedly, 
making it difficult to obtain a rubbery composition. 

[00291 The Mooney viscosity (MV-M) of the rubbery polymer to be used in the invention as the component (A-1) 
preferably ranges from 20 to 200. This Mooney viscosity is Mooney viscosity ((ML1+4 (1 00°C)) as measured at 100 C 
by using a Mooney viscometer specified as standards. When the Mooney viscosity ((ML1+4 (1 00"C)) exceeds approx- 
imately 150 and cannot be measured easily at 100°C, the viscosity measured, for example, at 130»C is converted to 

Mooney viscosities (MV-M) less than 20 lower the strength and wear resistance of the resulting rubber composition. 
Those exceeding 200, on the other hand, cause a marked deterioration in the processing performance, making it 
difficult to produce a rubber composition. Mooney viscosities (MV-M) within 25 to 180 are more preferred. 
[00301 The rubbery polymer to be used as the component (A-1) of the invention can be provided for practical use as 
an oil extended rubber produced, for facilitating its processing, by adding 20 to 60 parts by weight of the ordinarily- 
employed rubber extending oil based on 1 00 parts by weight of a rubber. 

[0031] The rubbery polymer to be used as the component (A-1) of the invention preferably has a glass trans.tion 
point ranging from -100 to 0°C so that the rubber composition obtained as a final product will exhibit rubber elasticity. 
That ranging from -95 to -10°C is more preferred. The range of the glass transition point of the rubbery polymer to be 
used in the inv ntion is selected depending on the using purpose of th rubber composition. For example, when low- 
temperature performances are important, a rubbery polymer having a glass transition point within a low temperature 
range is subjectively selected. When damping capacity. is required, a rubbery polymer haying a glass transition point 
within a high temperature range is subjectively selected/The glass transition point can be controlled by the composition 
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f 4 a bZTSTp l e «l 1 "h S ^^ ene th COns f uti "9 the ^bbery po.ymeror by the ratio of the micro-structure (ratio of 
1 ,4-bond to 1 ,2- and 3,4-bonds) ,n the polymer chain when the conjugated diene is butadiene or isoprene When the 

EES? Whl 0 „/ n :r ti0n ? POlyb " tediene ' the 1 - the restructure of butadiene ,s pVefe ab y 

10 to 80 /o. When the rubbery polymer of the invention is a styrene-butadiene random copolymer, on the other hand 

is lo'to 70% StyrenS C ° ntent 15 5 1 ° 45% thS 1 ' 2 - b ° nd C ° ntent ° f the micro - bond of • b^adiene "o2 

ma! be ^tTlT^ P °' y T t0 *° com P onent < A ' 1 > ° f the 'mention, one or more rubbery polymers 

n t I P<>'ybutad,ene and a styrene-butadiene copolymer are used in combination, the latter may be a 
comb na .on of styrene-butadiene copolymer rubbers different in molecular weight molecular we ght distribuTon or a 
combination of those different in a glass transition point. aismoiraon or a 

[0033] When as a preferred mode of the invention, 1 0 to 90 parts by weight of a styrene-butadiene copolymer rubber 

80 to ,n 20 9 i m a nSf T^ZT " ° f ? ° Wt % ° r «*"** and havin 9 ^ tnm** point ang ng from 

nSo^fnf % molec " lar h w f'9 ht distnbut.cn of 1.05 or greater but less than 2.2, and a Mooney viscosity (ML1+4 
(100 C ) of 20 or greater but less than 100; and 90 to 10 parts by weight of a styrene-butadiene copolymer rubber 
conta.nmg a mooted component of 70 wt.% or greater, and having a glass transition point ranging from 50 to -20'C 
a molecular weight distribution ranging from 2.2 to 3.0 and a Mooney viscosity (ML1+-4 (100°C)) Tangl from i» to 

ToZT 7 < ;° mP0 K nent (A " 1 >' rSSUltin9 mbber COm P ° Siti0n is in onTo^S™*^ 

properties, and a balance between low rolling resistance and wet skid resistance * 9 

[0034] As the component (B), rubber extending oils which contain only a small amount of a polynuclear aromatic 

coZnti n S ' T " DAE °' T ' RAE th8ref0re arG n0t harmful for environment are usable as we7aTt e 

conventionally used aromatic, naphthene and paraffin ones. In the invention, the rubber extending oil is Tsed in an 
amount of 1 o 1 00 parts by weight based on 1 00 parts by , weight of the raw material rubber. The aZunt of ^rubber 

described £ f^" 9 °" * 3 reinf ° rCing SHiCa fi,,er and reinforci "9 black wh ch wS be 

descnbed later and it ,s used to adjust the elastic modulus of the vulcanized mixture. Amounts of the rubber elndino 

rubber™? 1? ""J * ** '° SS P^rmance and wear 

weight :Tz:: nd are therefore not preferred Amoums ° f the ° ji 5 to 60 s * 

E^rJIT r ^ 9ardS h t0 the . com P° n ^ (C) of the present invention, any one of wet-process silica, dry-process silica 
and synthetic silicate type sil.ca is usable as the reinforcing silica. Silica having a small particle size has^iah re^foSn 3 
effects and gnp performance improving effects. Sma.l-particle-size and high aggregation typ 
reinforcing silica of the present invention is used as a reinforcing-effect-equipped silfca in an^oSS^o SoInJ 
oL3 3Sed " 1 00 T by Wei9ht ° f th6 raW mat6rial rubber - Amounts less than 25 parts by weigh dierio'S 

for eTamSe Ud ' n9 ^ ^ 6XCeedin9 1 00 parts » wei 9 ht T the nttTSZSSS? 

for example, cause an excessive increase of hardness or even a deterioration of strength. An amount of the reWorc.no 
silica as component (C) is preferably 30 to 90 parts by weight reinforcing 
[0036] The vulcanizing agent and vulcanizing accelerator as the component (D) of the present invention is used in 
an amount ranging from 1 to 20 parts by weight based on 100 parts by weight of the rubbery poZTlhe Sil 
erlT'^f 9 a9en !/ S ^^^^ng compounds and peroxides may also be used T/X %XZZS 
rnni-^ su ' fenam,de - Suan.dine or thiuram one may be used in a necessary amount vulcanizing accel- 

[0037] To the rubbery polymer composition of the present invention, an organosilane coupling agent can be added 
thVrl T"T hei9htenin 9 the C0U P' in 9 a <*°" (mutual bonding action) of the einfoS sS flMer wrth 

S co niin t or 9 anos,,ane h cou P |in 9 a 9 e "t a double bond of the polymer in its molecule and groups having affinitv 
or coup, ng tendency on the surface of silica. Examples include bis-[3-(triethoxy S ilyl)-pro P yl]-tetrasuffide bis?^ uS 
^oxysi^ prop yl]^ 

[0039] In the rubber composition of the invention, reinforcing carbon black can be used as the com „ MO „, ,^ ■ 
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to 150 parts by weight. Outside the above-described range, performances of a rubber satisfying the object of the 
present invention are not attained. The amount of carbon black (component (F)) ranging from 0.1 partby weight or 
greater to less than 25 parts by weight is more preferred. Amounts within such a range further .mprov the balanc of 
the resulting rubber composition between low rolling resistance and wet skid resistance. 

[0040] As the raw material rubber in the present invention, only the component (A-1 ) can be used or alternatively, 
that comprising 1 5 to 99 wt.% of the component (A-1) and, as a component (A-2), 1 to 85 wt:% of a vulcan.zable rubber 
polymer other than the component (A-1 ) can be used. Since the rubbery polymer as the component (A-1 ) has arge 
performance improving effects, addition of it makes it possible to produce, even in a small content m the raw material 
rubber, a vulcanized rubber composition having an improved performance. As the component (A-2), at leas rt one ^ se- 
lected from synthetic rubbers and natural rubbers is used as needed. Specific examples of the component (A-2) include 
butadiene rubber, styrene-butadiene rubber, styrene-ispprene-butadiene rubber and synthetic polyisoprene rubber 
which are other than the component (A-1), and butyl rubber and natural rubbers. At least.one selected from them , « 
used. Examples of the butadiene rubber as component (A-2), other than the component (A-1), include high-c. .buta- 
diene rubber available using any one of cobalt, nickel, neodymium and uranium catalysts, low-c,s butadiene mbbe 
available using a lithium catalyst and medium high-vinyl butadiene rubber; those of the styrene-butadiene rubber other 
than the component (A-1) include emulsion-polymerized styrene-butadiene rubber having a styrene content of 3 tc ,50 
wt % and solution-polymerized styrene-butadiene rubber having a styrene content of 3 to 50 wt. /<, and s 1,2-bond 
content at the butadiene moiety, of 1 0 to 80%; those of the styrene-isoprene-butadiene rubber other than the compo- 
nent (A-1 ) include styrene-isoprene-butadiene rubber having a styrene content of 3 to 40 wt.% and an isoprene content 
of 3 to 40 wt.%; and those of the synthetic polyisoprene rubber other than the component (A-1) include synthetic 
polyisopren rubber having a cis-1 ,4-bond content of 90% or greater. After optimization of the physical properties and 
processability of this component according to the using purpose of the rubber composition rt is added. Particu arty 
preferred as the component (A-2) is the solution-polymerized styrene-butadiene rubber, which brings about excellent 
balance between low rolling resistance and wet skid resistance, thereby satisfying the object of the invention. 
[0041] in a preferred mode of the invention, useof, as the component (A-1), a specific polymer containing a modified 
component in an amount of 70 wt.% or greater and having a glass transition point ranging from -80 to -20 C, and, as 
the component (A-2), a solution-polymerized styrene-butadiene copolymer rubber having a glass transition point rang- 
ing from -50 to -20»C and a Mooney viscosity (ML1+4 (100«C)) of 100 or greater is desired. 

[0042] Another preferred example of a solution-polymerized styrene-butadiene copolymer rubber is that having a 
Mooney viscosity (ML1 +4 (1 00°C)) ranging from 1 50 or greater and a molecular weight distribution (Mw/Mn) ranging 
from 1 4 to 2 2. By using it in combination with the specific rubbery polymer as the component (A-1) of the present 
invention, a rubber composition having good strength properties and an excellent balance between low rolling res.st- 
ance and wet skid resistance can be produced. , i 

[0043] As the component (A-2), an emulsion-polymerized styrene-butadiene copolymer rubber having a styrene 
content of 30 to 50 wt.% and a Mooney viscosity (ML1 +4 (1 00»Q) ranging from 1 00 or greater is also usable. 
[0044] In the present invention, another additive such as zinc white, stearic acid, vulcanizing assistant, antioxidant 
and/or processing aid is added as needed in an amount satisfying the object of the present invention, for example, 0.1 

to 20 parts by weight. ■ .. n 

[0045] In the present invention, a diene polymer rubber vulcanizate is provided by kneading, at least once, the com- 
ponent (A-1), or the components (A-1), (A-2), (B) and (C), and optionally the component (E), the component (F) and 
another additive in a known enclosed mixer such as internal mixer under the conditions permitting the kneading and 
discharging temperature of 1 35 to 1 80°C, thereby controlling the bound rubber content after mixing (a ratio of the raw 
material rubber component bonded to the reinforcing filler) to 30 to 70 wt.%; adding a vulcanizing agent and a vulcan- 
izing accelerator as the component (D); and kneading them in a known mixer such as internal mixer or mixing roll to 
control the kneading and discharging temperature to 1 20">C or less, thereby vulcanizing. At the kneading and discharg- 
ing temperature outside the above-described range, a diene polymer rubber vulcanizate excellent in the balance be- 
tween low rolling resistance and wet skid resistance and having improved strength properties is not available and 
therefore th object of the invention cannot be satisfied. The bound rubber content is required to be 30 to 70 wt.%. At 
a bound rubber content less than 30 wt.%, a diene polymer rubber vulcanizate excellent in the balance between low 
rolling resistance and wet skid resistance and having improved strength properties is not available and therefore, the 
object of the present invention cannot be satisfied. Bound rubber contents exceeding 70 wt.%, on the other hand, 
increase the torque, upon kneading, thereby making it dttficuitto conduct processing. The bound rubber content ranging 
from 40 to 70 wt.% is preferred. 

[0046] In the present invention, it is mor pr ferred to carry out vulcanization by adding an organosilane coupling 
agent, as th component (E), in an amount of 0.1 wt.% or greater but less than 6 wt.% based on the amount of the 
reinforcing silica, kneading the mixture at least once under the conditions permitting the kneading and discharging 
temperature of 135 to ISCC, thereby controlling the bound rubber content after mixing (a ratio of the raw mat rial 
rubber component bonded to the reinforcing filler) to 30 to 70 wt.%, adding a vulcanizing agent and vulcanizing accel- 
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erator as the component (D), and kneading the mixture to give the kneading and discharging temperature of 1 20«C or 

[0047] Moreover, it is preferred to conduct vulcanization by kneading, depending on the heating loss (Mo) of the 
re.nforc.ng sjca as the component (C), the components at least once under the conditions permitt in th Mb low ng 
kneading and discharging temperature (Td): 9 roiiowing 

1) 135 < Td S 180°C when 1% s Mo <4% 

2) (15 x Mo + 75)°C < Td < 180°C when 4% < Mo <6% and 

of t^w m^nlf n,ZT @n 6% * ^ 1 !*J thSreby C ° ntr0llin9 the b0Und mbber content after k n^ing (a ratio 
of the raw material rubber component bonded to the reinforcing filler) to 30 to 70 wt.%, adding a vulcanizing agent 

tel^ 

hTr~ If f n e dl6ne P ° lymer mbber vulcani2 ^ available in this manner is excellent in the 

balance of low rolling resistance and wet skid resistance and improved in strength properties. 

w a °t!rlon^nt P ^ rf ° n71an ! e °' "l* VU '? anized rubber composition available as a final product differs depending on the 
ZTntTr (meaSUred , as a heatin ,9 loss < M °) * 1 05-C after 8 hours) of the reinforcing silica due to the Serence 
in its product.on process. In the present invention, it is preferred to adjust the kneadina temperature of tL l? n T 
depending on the heating loss of the reinforcing silica. Silicas different in 2X2^^1%^^: 
c,al^-ava„ab,e s.hca, whose heating loss is approximately 6 to 8%. at a temperature range of 100 to lender 
normal pressure. For example, silica having a heating loss of 1 to 4 wt.% can be obtained by drying com^ercX 
available silica at 1 05«C under normal pressure for approximately 1 to 8 hours commercially- 

SSt 91 th ° P T Ut Z tem f!, rature Y aries spending on the heating loss of silica, because heating loss of reinforcina 
silica, that ,s water adsorbed to the, reinforcing silica, becomes an inhibitory factor against the reaction be^eeS 

TuSir 2? T m : dified polymer - When si,ica having a hi9her heati ^ ^ is used ZZZSZXZTJZ 

sufficiently at the kneading and discharging temperature lower than the lower limit of the ranae while scorch „f Z 
composition and cross.inking reaction happen at the kneading and discharging trnn^^^CthT^iS 
of the range. The temperature outside the range is therefore not preferred SucS adjustment of th ^ kneadfno and 

roo5o ar9, , n n 9 t r D P e e :: tu t re ma t kes * p ; ssib,e to bring about effects for ^ - * e 

Sm^~^ 

[0051] The rubbery polymer according to the invention is suitably used, in the form of a diene oolvmer rubber wui 

Reference Example 1 
Manufacturing process of SBR - 1 : 

initiator, 75 g of butadiene was fed at a rat*> nf 1 * n/m,n Th V ^™ mules after tne addition of the polymerization 
'Talso7ou^ 

with Hampton's method from ^Z^^^S^," ^ 38 mSaSUred h ac -rdance 

average molecular weight (Mw n^nTrTve age loZto^uZ^ZZT' "V™ *** *" ^ 
were 563000, 423000 and 1.33, respectively .C^rr^t^S 
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determined from GPC using a silica adsorption column was 83%. 

[0055] In addition, styrene-butadiene copolymer rubbers were prepared as Samples B to P and Samples BA to BE 
in a similar manner to Sample A except for a change of the bonded styrene content, 1 ,2-bond content of a butadiene 
moiety Mooney viscosity, glass transition point, molecular weight distribution, modification ratio or modifying agent. 
[0056]' The samples O and P having a high molecular weight were prepared as a product extended with 37.5 parts 
by weight of an aromatic oil. Among those samples, Samples A, B, C, H, J, K, L, M, N, O, BA, BB, BC and BD are 
polymers specified as the component (A-1) of the composition of the invention, while Samples D, E, F G, P and BE 
are prepared for comparison and are polymers outside the range specified as the component (A-1 ) of the composition 
of the invention. , 

Referential Example 2 

Manufacturing process of SBR - 2: 

[0057] Two autoclaves each having an internal volume of 1 0 liters, having an inlet at the bottom and an outlet at the 
top and being equipped with a stirrer and a jacket were connected in series as reactors. After mixing 16.38 g/min of 
butadiene 8 82 g/min of styrene and 132.3 g/min of n-hexane, the resulting mixture solution was allowed to pass 
through a dehydration column filled with active alumina. Impurities were removed by mixing n-butyl lithium at a rate of 
0 0046 g/min in a static mixer. The residue was then continuous fed from the bottom of the first reactor through a 
constant delivery pump. The reactor was fed directly with 2,2-bis(2-oxolanyl)propane at a rate of 0.028 g/min as a polar 
substanc and n-butyl lithium at a rate of 0.070 g/min as a polymerization initiator. The internal temperature of the 
reactor was maintained at 86'C. From the top portion of the reactor, the polymer solution was continuously taken out 
and fed to the second reactor. It was found that after the first reactor became stable, the resulting pre-modified polymer 
had a Mooney viscosity of 65 as measured at 100°C. At the temperature of the second reactor maintained at 80°C, 
0 009 g/min (equivalent ratio relative to active lithium = 0.9) of tetraglycidyl-1 ,3-bisaminomethylcyclohexane was added 
from the bottom of the reactor to effect modification reaction. An antioxidant was continuously added to this polymer 
solution and modification reaction was terminated. By the removal of the solvent, the target styrene-butad.ene copol- 
ymer having a modified component was obtained. It was found that this modified polymer had a Mooney viscosity of 
165 as measured at 100*C. To 100 parts by weight of this polymer solution, 37.5 parts by weight of an aromatic oil 
(■X-140" trade name; product of Japan Energy Co., Ltd.) was added to yield an oil-extended oil (Sample Q). 
[0058] As a result of analysis of the sample Q, the bonded styrene content was 35%; the bonded butadiene content 
was 65%- the 1 ,2-bond content of the butadiene moiety as determined in accordance with the Hampton's method by 
calculating the results measured by an infrared spectrophotometer was 35 mole%; the Mooney viscosity (ML1+4, 
100°C) after oil extension was 65; and the glass transition point was -34°C. According to the molecular, weight distri- 
bution by GPC (detector: Rl) with THF as a solvent, the ! weight-average molecular weight .(Mw), the number-average 
molecular weight (Mn), and the molecular weight distribution (Mw/Mn) were 656000, 264000 and 24800, respectively, 
each in terms of polystyrene; and the GPC curve had a monomodal shape. The modification ratio as determined from 
GPC curve using a silica series adsorption column was found to be 65%. 

[0059] In a similar manner to the continuous polymerization method employed for preparing Sample Q except for a 
change of the amount of BuLi, the amount of the modifying agent and the kind of the modifying agent, Samples R to 
AC different in structure were obtained. ; 

[0060] A commercially-available styrene-butadiene rubber, butadiene rubber and natural rubber as shown in Table 
4 were also employed as samples. ' 

[0061 ] The analysis values of these samples are shown in Tables 1 to 4. These samples were analyzed in accordance 
with the method as described below. 

1) Bonded styrene content 

[0062] The sample was dissolved in chloroform and the bonded styrene content (S (wt.%)) was measured from the 
absorption of styrene by a phenyl group at 254 nm. 

2) The microstructure of a butadiene moiety 

[0063] The sample was dissolved in carbon disulfide and the, microstructure of the butadiene moiety was determined 
by measuring the infrared ray spectrum within a range of 600 to 1000 cm-1 by using a solution cell, and calculating 
from a pr determined absorbance in accordance with the equation of the Hampton's method. 
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3) Glass transition temperature 

[0064] It was measured at a heating rate of 1 0°C/min by using DSC. The on set point was designated as Tg. 

4) Mooney viscosity 

[0065] The viscosity four minutes after preheating at 1 00°C for 1 minute was measured in accordance with JIS K 6300. 

5) Molecular weight and molecular weight distribution 

[0066] The chromatogram was measured by GPC having three connected columns using a polystyrene gel as a 
filler. The molecular weight and molecular weight distribution were calculated from the calibration curve based on 
standard polystyrene. 

6) Modification ratio * i 

i 

[00671 By making use of the properties of the modified component to adsorb to a GPC column using silica gel as a 
filter both chromatogram's of GPC of polystyrene gel ("Shodex" of Showa Denko K.K.) and GPC of silica column 
( Zorbax of Dupont) were measured with regards to the test solution containing a sample and a low-molecular-weight 
internal standard polystyrene. The .adsorption amount to the silica column was measured from their difference and 
modification ratio was determined. ' 

EXAMPLES 

[0068] Rubber mixtures were obtained using Samples shown in Tables 1 to 4 as raw material rubbers and kneading 
the blending formulations as shown in Table 5 by the below-described mixing method. 

Kneading method: 

[0069] In an enclosed kneader (internal volume: 1 .7 liter) equipped with a thermostat using water circulated from the 
outs.de, a raw material rubber, filler (silica and carbon black), organosilane coupling agent, aromatic oil, zinc white and 
steanc acid were kneaded (the kneading procedure will be shown in Table 6) as the first-stage kneading underthe 

th^lT 3 h 3 9 ^ ? 65% r ° tati0nal nUmbSr ° f the r ° t0r ° f 66/77 * m - U P° n knea i < he temperature of 
TnnZ IT m ' Xe , r was ad J usted and rubber compositions different in discharge temperature were obtained 

Sin T 9 t 1 miXtUre thUS ° btain6d t0 r °° m tem P erat ^> an antioxidant was added thereto and then 

kneading was conducted again as the second-stage kneading to improve dispersion of silica. In this case, the discharge 
temperature was adjusted by the temperature of the mixer. aiscnarge 

Sal 7o4 fterCO ° ,in9 ' SU ' fUr 8 VU ' Cani2in9 accelerator w ere kneaded as the third-stage kneading in an open roll 

[0072] The resulting kneaded mass was molded and vulcanized under a vulcanizing press at 160'C for a predeter- 
mined time. The below-described physical properties were measured as the performances of a tire. 

1) Bound rubber content: 

S about ri C ° a Tf ,i0 " ( °- 2 £ SamP ' ed aft6r com P' etion of the second-stage kneading was cut into square pieces 
of about 1 mm and placed m a Harns's basket (made of a 1 00-mesh metal mesh). These pieces were weighed After 

toluene, the amount of the rubber bound to the filler was calculated and designated as the bound rubber content 

2) Mooney viscosity of the mixture: 

EST 3s K bJ° a U M minUteS 3fter P T hea T t !T 9 f ° r 1 miRUte at 1 30<>C 3nd 2 rev o'«"<>ns was measured in accordance 
orlitlZ Wh V ^ V V,S00meter - The mixture havin 9 * Mooney viscosity largely exceeding 80 is inferior in 
processability. When the Mooney viscosity is not greater than 30, large adhesion prevents smooth processing 

3) 300% Modulus and tensile strength: 

[0075] Measured in accordance with the tensile test method of JIS K 6251 . 
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4) Fuel-cost saving performance 

[0076] Tested in Tang at 50°C. Measured by ARES viscoelasticity tester of Rheometric Scientific at a frequency of 
10 Hz, distortion of 3% and 50°C in accordance with a torsion system. The smaller the numeral, the better the fuel- 
cost-saving performance. 

5) Wet skid resistance: 

[0077] Tested in Tan5 at 50°C. Measured by ARES viscoelasticity tester of Rheometric Scientific at a frequency of 
10 Hz, distortion of 3% and 50°C in accordance with a torsion system. The greater the numeral, the better the wet skid 
resistance. 1 

Examples 1-1 to 1-3 and Comparative Examples 1-1 to 1-4 

[0078] Vulcanized rubber compositions were prepare using, as a raw material rubber, Samples A, B and C having 
a modified component as specified by the invention, Sample D which has the modified component as specified by the 
invention but in an amount outside the range of the invention, Samples E and F having a modified component other 
than that specified by the invention, and unmodified Sample G, each in accordance with the silica-contain ing formulation 
(Formulation S-1 ) as specified by the invention. Their performances were evaluated. As the silica, that having a water 
adsorption amount Mo (heating loss content; drying under normal pressure at 1 05°C for 8 hours) of 5.4% was employed. 
The measurement results are shown in Table 7. 

[0079] As is apparent from Table 7, the vulcanized rubber compositions of Examples 1 -1 to 1 -3 using the rubbery 
polymer within the range as specified by the invention are superior in fuel-cost-saving performance and wet skid re- 
sistance to the compositions of Comparative Examples 1-1 to 1-4 in the same silica-containing formulation. 

Examples 2-1 and Comparative Examples 2-1 to 2-4. 

[0080] Vulcanized rubber compositions were prepared, in different formulations as shown in Table 8, by using Sample 
A which was a specific styrene-butadiene rubber of the invention, Sample D for which a modifying agent as specified 
by the invention was used at a modifying amount outside the range of the invention, Sample RB which was a commer- 
cially-available emulsion-polymerized SBR and Sample RC which was a commercially-available solution-polymerized 
SBR. The performances of them were measured and their results are shown in Table 8. As the silica, that having a 
water adsorption amount Mo of 5.4% was used. 

[0081] As is apparent from the results of Table 8, the silica-containing composition according to the invention exhibited 
good fuei-cost-saving performance compared with the composition of Comparative Example 2-1 in which carbon black 
was incorporated (Composition S-11). The composition of Example 2-1 was markedly superior in fuel-cost-saving 
performance to the carbon-black-containing composition of Comparative Example 2-3 using emulsion polymerized 
SBR (RB)* and was improved much in wet skid resistance and also in fuel-cost-saving performance compared with 
the carbon-black-containing composition of Comparative Example 2-4 using Sample RC, that is, the commercially- 
available solution-polymerized SBR. 

Examples 3-1 to 3-4 

[0082] Vulcanized rubber compositions were prepared in a similar manner to Example 1 by using Samples H, J and 
K which had a styrene-butadiene rubber structure within the range specified by the invention. As the silica, that having 
a water adsorption amount Mo of 5.4% was employed. The evaluation results of the performances of these compositions 

are shown in Table 9. , 
[0083] As is apparent from the results of Table 9, the vulcanized rubber compositions of Examples 3-1 to 3-4 using 
the samples within the range of the invention showed good processability, tensile strength, and balance between fuel- 
cost-saving performance and wet skid resistance. 

Examples 4-1 to 4-2 and Comparative Examples 4-1 to 4-2 

[0084] Vulcanized rubber compositions rich in a filler were obtained in a similar manner to Example 1 by using Sam- 
ples O and Q which had a styrene-butadiene rubber structure within the range specified by the invention. As the silica, 
that having a water adsorption amount Mo of 5.4% was employed. For comparison, a vulcanized rubber composition 
was prepar d using solution-polymerized styren -butadiene Sample P which was outside the range of the invention. 
Evaluation results of the performances of these compositions are shown in Table 10. 
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[0085] As is apparent from the results of Table 10, the vulcanized rubber compositions of Examples 4-1 and 4-2 
using the samples which were within the range of the invention exhibit good processability and good balance between 
fuel-cost-saving performance and wet skid resistance. The composition using Sample P which was outside the range 
of the invention has a high viscosity and is therefore inferior in processability. 

Examples 5-1 to 5-3 and Comparative Examples 5-1 to 5-2 

[0086] Vulcanized rubber compositions were prepared in accordance with Blending formulation S-2 as shown in 
Table 5 by using Sample A which was a specific styrene-butadiene rubber of the invention and Sample RF which was 
a commercially-available styrene-butadiene rubber obtained by solution polymerization. As the silica, that having a 
water adsorption amount Mo of 5.4% was employed. Evaluation results of their performances are shown in Table 11 . 
[0087] As is shown in Table 1 1 , the samples within the range of the invention exhibit good fuel-cost-saving perform- 
ance, but those outside the range of the invention bring about small effects. 

is Examples 6-1 to 6-1 6 and Comparative Examples 6-1 to 6-6 

[0088] Vulcanized rubber compositions as shown in Table 12 werejprepared using Samples A, H, O and L which 
were styrene-butadiene rubbers within the range of the present invention, a butadiene rubber (Sample RD), emulsion- 
polymerized styrene-butadiene rubbers (Samples RA and RB) and Samples D, P, R and S which were solution-polym- 
erized SBRs outside the range specified as Component (A-1 ) of the present invention. As the silica, that having a water 
adsorption amount Mo of 5.4% was employed. Evaluation results of their performances are shown in Table 12. 
[0089] Even if rubber compositions obtained using the sample within the range of the invention are blended with a 
styrene-butadiene rubber or butadiene rubber, the mixtures exhibit good fuel-cost saving performance and wet skid 
resistance while maintaining processability, compared with the vulcanized rubber compositions of Comparative Exam- 
25 pies which are outside the range of the invention. 

Examples 7-1 to 7-2 and Comparative Example 7-1 

[0090] In Examples 7-1 and 7-2, blend compositions as shown in Table 13 were prepared by using Samples N and 
30 M, that is, styrene-butadiene rubbers within the range specified by the invention and a natural rubber. Their perform- 
ances were compared with the composition of Comparative Example 7-1 composed solely of a natural rubber. As the 
silica, that having a water adsorption amount Mo of 5.4% was employed. 
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[0091] As shown in Table 1 3, the fuel-cost saving performance of the natural rubber was improved by the addition 
of the polymer of the present invention. 

Examples 8-1 and Comparative Examples 8-1 to 8-4 

[0092] In accordance with the silica-containing formulation (Formulation S-2) as specified by the invention or ordi- 
narily-employed carbon-black formulation (Formulation R-12), vulcanized rubber compositions were prepared using 
as the raw material rubber, Sample Q having a modified component as specified by the invention, Sample T using a 
modifying agent outside the range of the invention, Sample X using a modifying agent as specified by the invention 
but having a modified component outside the range of the invention, and Sample RH which was a standard emulsion- 
polymerized styrene-butadiene rubber; and their performances were.evaluated. As the silica, that having a water ad- 
sorption amount Mo of 5.4% was employed. Results are shown in Tdble 14. 

[0093] As is apparent from Table 14, the composition of Example 8-1 is superior in fuel-cost-saving performance 
and wet skid resistance to Comparative Example 8-2 (Sample T) and Comparative Example 8-3 (Sample X) each in 
accordance with the silica-containing formulation. It is markedly superior in fuel-cost-saving performance to the carbon- 
black formulation (Comparative Example 8-1) and also exhibits excellent fuel-cost-saving performance and wet skid 
50 SBR^^ 6 C ° mpared Wlth thS vulcanized mbber composition of Comparative Example 8-4 using emulsion-polymerized 

Examples 9-1 to 9-3 and Comparative Examples 9-1 to 9-2 

[0094] Vulcanized rubber compositions were prepared using Sample A, the styrene-butadiene rubber as specified 
in the invention, in accordance with the blending formulations different in the silica amount or carbon black amount as 
shown m Table 5. Measurement results of their performances ar shown in Table 15. As the silica, that having a water 
adsorption amount Mo of 5.4% was employed. 

[0095] As is apparent from the results of Table 15, the composition using Sample A while keeping the content of 
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silica within the range of the invention exhibits excellent fuel-cost-saving performance compared with the comparative 
composition rich in carbon black. 

Examples 10-1 to 10-2 and Comparative Examples 10-1 

[0096] Vulcanized rubber compositions were prepared using Samples U, V and Z which had a styrene-butadiene 
rubber structure within the range of the invention in accordance with Blending Formulation S-2 as shown in Table 5. 
For comparison, a vulcanized rubber composition was prepared using Sample W which was a styrene-butadiene rubber 
outside the range of the invention. As the silica, that having a water adsorption amount of 5.4% was employed. Eval- 
uation results of their performances are shown in Table 16. 

[00971 As is apparent from the results of Table 1 6, the vulcanized rubber compositions using the samples within the 
range of the invention exhibit superior tensile strength, fuel-cost-saving performance and wet skid resistance, while 
the vulcanized rubber composition outside the range of the invention is inferior in fuel-cost-saving performance. 

; 'I > 

Examples 11-1 to 11-5 and Comparative Example 11-1 •• ' 

[0098] Vulcanized rubber compositions as shown in Table 17 were prepared using Samples U and V which were 
styrene-butadiene rubbers within the rangeof the invention, abutadiene rubber (Sample RD), an emulsion-polymerized 
styrene-butadiene rubber (Sample RA) and natural rubber (Sample RE). As the silica, that having a water adsorption 
amount of 5.4% was employed. Evaluation results of their performances are shown in Table 17. 
[0099] The composition using Sample U or Sample V which was within the range of the invention exhibited superior 
balance between fuel-cost-saving performance and wet skid resistance to the emulsion-polymerized styrene-butad.ene 
rubber composition (Comparative Example 11-1) even if used as a mixture with a styrene-butadiene rubber. 

Examples 12-1 to 12-6 and Comparative Examples 12-1 to 12-3 

[0100] Vulcanized rubber compositions as shown in Table 1 8 were prepared using Sample Q which was a styrene- 
butadiene rubber within the range specified by the invention, commercially available emulsion-polymenzed styrene- 
butadiene rubbers (Samples RA and RH), and commercially available solution polymerized styrene-butad.ene rubbers 
(Samples RC, RF and RG). As the silica, that having a water adsorption amount of 5.4% was employed. Evaluation 
results of their performances are shown in Table 1 8. Even if blended with such a rubber, the compositions (Examples 
1 2-1 to 1 2-6) using Sample Q which was within the range of the invention exhibit superior fuel-cost-saving performance 
and wet skid resistance to the compositions (Comparative Examples 1 2-1 to 1 2-3) outside the range of the .nvention. 

Examples 13-1 to 13-8 

[01011 Compositions of Examples 13-1 to 13-8 which were within the range specified by the invention were prepared 
using Sample J which was within the range of the present invention as the raw material rubber, using silicas different 
in heating loss as shown in Table 1 9, preparing silica-containing compositions by adjusting the first-stage discharging 
temperature and the second-stage discharging temperature as shown in Table 19, adding a vulcanizing agent and the 
like at the third-stage temperature of 70»C, forming the mixture into a predetermined sample shape and press vulcan- 
izing it at 1 60°C for 30 minutes. The evaluation results of their performances are shown in Table 19. 
[0102] As is apparent from Table 1 9, the vulcanized rubber compositions of Examples 1 3-1 to 13-7 prepared under 
conditions within the range of the present invention each has a large bound rubber content and exhibits good fuel- 
cost-saving performance while maintaining high wet skid resistance. 

Examples 14-1 to 14-6 and Comparative Examples 14-1 to 14-3 ! 

[0103] Compositions of Examples 14-1 to 14-5 within the range specified by the invention and Compositions of 
Comparative Examples 1 4-1 to 14-3 outside the range of the invention were prepared using, as a raw material rubber, 
Samples J and Q which were within the range of the invention, changing the amount of an organosilane coupling agent 
as shown in Tables 5 and 20, preparing silica-containing compositions by adjusting the first-stage discharging temper- 
ature and second-stage discharging temperature as shown in Table 20, adding a vulcanizing agent and the like at the 
third-stage temperatur of 70°C, molding the r suiting mixture into a predetermined sample shape and press vulcan- 
izing it at 160-C for 30 minutes. As the silica, that having a water adsorption amount Mo of 5.4% was employed. 
Evaluation results of their performances are shown in Table 20. 

[0104] As is apparent from Table 20, vulcaniz d rubber compositions obtained in Examples 14-1 to 14-6 by using 
the raw material rubber as specified by the invention and adding an organosilane coupling agent in an amount as 
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specified by the invention have a high bound rubber content, and exhibit good polymer/silica dispersion, good proc- 
essability and good fuel-cost-saving performance while maintaining high wet skid resistance. The compositions ob- 
tained in Comparative Examples 14-1 to 14-3 by using Sample F which was outside the range of the invention each 
has a small bound rubber content, and even a vulcanized composition is inferior in reinforcing effects because its 300% 
modulus is low, and is moreover, inferior in both the fuel-cost-saving performance and wet skid resistance. 

Examples 15-1 to 15-6 and Comparative Examples 15-1 to 15-2 

[0105] Compositions of Examplesjl5-1 to 15-6 within the range of the present invention and those of Comparative 
Examples 15-1 to 15-2 outside the range of the present invention were prepared by using, as a raw material rubber 
Samples BA, BB and BC which had been modified by tetraglycidyl-1 ,3-bisaminomethylcyclohexane added in an amount 
exceeding 1 equivalent per active lithium, Sample BD modified by a modifier used in an amount not greater than 1 
equivalent per active lithium, and Sample BE for which silicon tetrachloride had been used as a coupling agent ac- 
cording to the blending formulation as shown in Table 5, adjusting the first-stage discharging temperature and second- 
stage discharging temperature as shown in Table 21 , thereby preparing a silica-containing composition, adding a vul- 
canizing agent and the like at the third-stage temperature of 70°C, molding or forming the resulting mixture into a 
predetermined shape and press vulcanizing it at 1 60'C for 30 minutes. As the silica, that having a water adsorption 
amount Mo of 6.5% was employed. Evaluation results of their performances are shown in Table 21 . 
[0106] As is apparent from Table 21 , vulcanized rubber compositions prepared in Examples 15-1 to 15-6 by adding 
a modifying agent in an amount within a specified range of the invention exhibit good fuel-cost-saving performance 
while showing high wet skid resistance. The compositions obtained in Comparative Examples 15-1 to 15-2 by using 
the samples outside the range of the present invention but according to the same blending formulation are, on the 
other hand, inferior in both fuel-cost saving performance and wet skid resistance. 

Examples 16-1 to 16-6 and Comparative Examples 16-1 to 16-3 

[0107] Rubber compositions were prepared by using, as a raw material rubber, Samples AA to AC and BA which 
had been extended by an aromatic oil and to which tetraglycidyl-1 ,3-bisaminomethylcyclohexane had been added as 
a modifier in an amount exceeding 1 equivalent per active lithium and Samples T and Y to be used for comparison 
adjusting the first-stage discharging temperature and second-stage-discharging temperature as shown in Table 22* 
th ™ b ^ prepar,ng ^-containing compositions, adding a vulcanizing agent and the like at the third-stage temperature 
of 70 C, molding or forming the mixtures into a predetermined shape and then press vulcanizing them at 160°C for 30 
m.nutes. As the silica, that having a water adsorption amount Mo of 6.5% was employed. Measurement results of their 
performances are shown in Table 22. 

Pa °tl £ iS ! P D P f f r ° m reSUltS ? ° f Tab ' e 22 ■ the com P° siti °ns of Examples 1 6-1 to 1 6-1 prepared using Samples 
AA, AB, AC and BA to which a modifying agent had been added in an amount within the range of the invention exhibits 
good f uel-cost-saving performance, while maintaining high skid resistance. The composition using Sample T to which 
a modifymg agent outside the range of the invention had been added and that using unmodified Sample Y are on the 
other hand, inferior in fuel-cost-saving performance. 

Examples 1 7-1 to 1 7-5 

i !: 

i°l? 9 L Rubbercom P° sition s were obtained by using, as a raw material rubber, Samples A, AA, BA and Q shown in 
Table 23, each with.n the range of the present invention, adjusting the first-stage discharging temperature and second- 
stage d.scharg,ng temperature as shown in Table 23, thereby preparing silica-containing compositions, addinq a vul- 
can.z.ng agent and the like at the third-stage temperature of 80°C, molding orforming the mixtures into a predetermined 
shape and press vulcanizing them at 1 60»C for 30 minutes. As the silica, that having a water adsorption amount Mo 
of 5.4 /o was employed. Measurement results of their performances are shown in Table 23 

[0110] ^As is apparent from the results of Table 23, the compositions of Examples 17-1 to 17-5 each obtained bv 
we^ skid %Sa e nre hin °' inVenti ° n 9 °° d fue '- cosl - savin 9 Performance, while maintaining high 
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Industrial Applicability 

[01 1 1 1 Provided is a vulcanized rubber composition for tire tread having good strength properties, processability, 
fuel-cost-saving performance and gripping performance by usingastyrene-butadiene rubber having a specific structure 
of the invention in accordance with a specific blending formulation containing a reinforcing silica filler. The invention 
makes it possible to reduce the amount of a silane coupling agent necessary for obtaining a silica-containing compo- 
sition. This vulcanized rubber composition for tires is useful as an automobile tire material requiring fuel-cost-sav.ng 
performance. 



Claims 

1. A diene polymer rubber composition comprising: 

(A) 1 00 parts by weight of a raw material rubbercomprising (A-1 ) a diene rubbery polymer which is a conjugated 
diene rubbery polymer or a conjugated diene-styrene rubbery copolymer, said diene rubbery polymer 

(1) containing a modified component in an amount exceeding 60 wt.%, which modified component is 
obtained by reacting an active end of the rubbery polymer with a polyfunction^ compound having, in its 
molecule thereof, at least two epoxy groups, 

(2) having a molecular weight distribution Mw/Mn of 1 .05 to 3.0, and 

(3) having a weight-average molecular weight of 1 00,000 to 2,000,000; and, based on 1 00 parts by weight 
of the component (A), 

(B) 1 to 100 parts by weight of a rubber extension oil; 

(C) 25 to 1 00 parts by weight of reinforcing silica; and 

(D) 1 .0 to 20 parts by weight in total of a vulcanizing agent and a vulcanizing accelerator. 

2. The diene polymer rubber composition according to claim 1 , wherein the polyfunction^ compound further has at 
least one nitrogen-containing group. 

3. The diene polymer rubber composition according to claim 1 , wherein the polylunctional compound is represented 
by the following formula: 



R 3 — N 



. R 1 — C H — -C H R : 

O 



R 2 C H PH 



n 



wherein R 1 and R2 each independently represents a C 1b10 hydrocarbon group or a C 1-1d hydrocarbon group having 
at least one group selected from ethers and tertiary amines, R3 and R 4 each independently represents hydrogen, 
a C< 20 hydrocarbon group or a C^q hydrocarbon group having at least one group selected from ethers and tertiary 
amines, R 5 represents a hydrocarbon group, a C 140 hydrocarbon group having at least one group selected 
from ethers, tertiary amines, epoxy, carbonyl and halogens, and n stands for 1 to 6. 

4. The diene polymer rubber composition according to claim 3, wherein the polyfunction a I compound has, in its mol- 
ecul thereof, at least one diglycidylamino group. 

5. The diene polymer rubber composition according to claim 1 , wherein the content of the modified component of the 
component (A-1) has been analyzed by chromatography. 

6. The diene polymer rubber composition according to claim 1 , further containing 0.1 to 20 wt.%, based on the weight 
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of the component (C), of (E) an organosilane coupling agent. 

7. The diene polymer rubber composition according to claim 1 , which further contains (F) 0.1 to 1 00 parts by weight 
of carbon black, the total amount of the components (C) and (F) being from 30 to 1 50 parts by weight. 

5 

8. The diene polymer rubber composition according to claim 7, wherein the amount of the component (F) is 0.1 parts 
by weight or greater but less than 25 parts by weight. 

9. The diene polymer rubber composition according to claim 1 , wherein the component (A-1 ) has a molecular weight 
10 distribution Mw/Mn (2) of 1 .05 or greater but less than 2.2. 

10. The diene polymer rubber composition according to claim 1 , wherein the component (A) comprising 15 to 99 wt. 
% of the component (A-1) and 1 to 85 wt.% of component (A-2) which is a vulcanizable rubbery polymer other 
than the component (A-1 ). 

15 % 

7 

11. A diene polymer rubber vulcanizate obtained by: ; : 

i 

conducting initial kneading, at least once under the conditions permitting kneading discharging temperature 
of 135 to 180°C, of an initial kneading component comprising: 

20 

(A) 100 parts by weight of a raw material rubber comprising (A-1) a diene rubbery polymer which is a 
conjugated diene rubbery polymer or a conjugated diene-styrene rubbery copolymer, said diene rubbery 
polymer 

25 (1 ) containing a modified component in an amount exceeding 60 wt.%, which modified component is 

obtained by reacting an active end of the rubbery polymer with a polyfunctional compound having, in 
its molecule thereof, at least two epoxy groups, 

(2) havaing a molecular weight distribution of Mw/Mn of 1 .05 to 3.0, and 

(3) having a weight-average molecular weight of 100,000 to 2,000,000; and, based on 100 parts by 
30 weight of the component (A), 

(B) 1 to 100 parts by weight or a rubber extension oil; and 

(C) 25 to 100 parts by weight of reinforcing silica, to thereby obtain an initial kneaded mass having a 
rubber bound content after kneading of 30 to 70 wt.%; 

35 

adding, to 100 parts by weight of the component (A), (D) 1 .0 to 20 parts by weight in total of a vulcanizing 
agent and a vulcanizing accelerator; and 

kneading the resulting mixture to give a kneading discharging temperature of 120°C or less, thereby vulcan- 
izing. 

40 

1 2. The diene polymer rubber vulcanizate according to claim 1 1 , wherein the initial kneading component further con- 
tains at least one of 0.1 to 20 wt.% of (E) an organosilane coupling agent based on the weight of the component 
(C) and 0.1 to 100 parts by weight of (F) carbon black based on i ! 00 parts by weight of the component (A). 

45 13. The diene polymer rubber vulcanizate according to claim 11 , wherein the component (A) comprises 15 to 99 wt. 

% of the component (A-1 ) and (A-2) 1 to 85 wt.% of a vulcanizable rubbery polymer otherthan the component (A-1 ). 

14. The diene polymer rubber vulcanizate according to claim 12, wherein the amount of the component (E) is 0.1 wt. 
% or greater but less than 6 wt.% based on the amount of the component (C). 

50 

15. The diene polymer rubber vulcanizate according to claim 11, wherein initial kneading is carried out to give the 
below-described kneading discharging temperature (Td) depending on a heating loss (Mo) of the component (C). 

1) 135<Td< 180°C when 1%<£ Mo <4% 
55 2) (1 5 x Mo + 75)°C < Td ^ 1 80°C when 4% < Mo <6% and 

3) 165°C < Td <, 180°C when 6% < Mo <£ 10%. 
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